Atrial fibrillation (AF) is associated with a risk for cognitive impairment and dementia, which is more pronounced in patients with a history of clinical stroke. Observational trials suggest that the implementation and quality of long-term anticoagulation impact dementia risk. Emerging evidence suggests that direct oral anticoagulants may . As of 27 February 2019, a total of 120 subjects will be enrolled at one investigational site in the United States and will be followed for 2 years after study enrollment. To date, 97 have been enrolled. The average age is 74.2 years, 53% are male, and 9% had a prior stroke. In this Vanguard study, patients will be followed for 2 years after study enrollment. These prospective, randomized data will inform the understanding of two anticoagulants in AF patients as it relates to risk of cognitive decline and dementia. Cranial imaging and biomarkers collected will assist in understanding mechanisms of brain injury.
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| BACKGROUND AND RATIONALE
Atrial fibrillation (AF) is associated with a risk for cognitive impairment and dementia, which is more pronounced in patients with a history of clinical stroke. The relative risk of cognitive impairment and dementia among patients with AF and a prior stroke ranges from 2.43 to 2.70. 1, 2 The association of AF with cognitive impairment and dementia in patients without a history of overt stroke may in part be due to subclinical cerebral infarcts, as patients with AF have a greater than 2-fold increase in the risk of developing silent cerebral infarcts. [3] [4] [5] Anticoagulation therapy remains the cornerstone of stroke risk reduction in most AF patients. In observational studies, warfarin the dabigatran etexilate treated groups-in particular those attributed to intracranial bleed. These favorable outcomes correlated with a mortality reduction in patients treated with dabigatran etexilate. 7 The reduced rate of clinically overt stroke in patients on dabigatran etexilate may be accompanied by a reduction in the rate of silent ischemic events, with an accompanying reduction in incident dementia. 12 In a community analysis of DOAC therapies, dabigatran etexilate had the lowest observed dementia rates despite the longest duration of follow-up. 11 No significant difference in dementia risk was reported comparing DOAC therapy with warfarin upon propensity analysis in a large Swedish registry. Indeed, the general dementia incidence rates with DOAC vs warfarin therapies per 100 years studied trend were lower with DOACs (1.13 vs 2.26). However DOAC therapy recipients were different from the overall population and the use of these newer anticoagulants was low (3% of the entire population). 13 Although cranial injury from micro-and macro-emboli appears to be a central mechanism behind the association of AF and dementia, the role of anticoagulation use and efficacy as well as the type of anticoagulation to use to prevent cognitive decline is not known. 
| Study flow diagram
The study flow diagram is shown in Figure 1 .
| Study duration
The study will last for approximately 48 months (a target of up to 24 months to recruit the required subjects, with 24 months of followup to complete the study for each subject).
| Study population
Eligible patients must meet all of the criteria listed in supplemental file, appendix A. In brief, patients will be ≥65 years of age and have AF in the absence of significant valvular heart disease as defined by the study as nonrheumatic valve disease, lack of a prosthetic valve, or lack of valve disease that may prompt valve replacement during the study duration. Patients must be able to take oral anticoagulation, complete serial testing of cognition and functional status, and have a moderate risk of thromboembolism at enrollment (CHADS 2 score or CHA 2 DS2-Vasc score of ≥2).
Patients will be excluded (supplemental file, appendix B) if they do not meet inclusion criteria, have severe renal dysfunction that impairs use of anticoagulation, have a history of any form of dementia that has been formally diagnosed with associated negative impact on quality of life, or have a life expectancy less than 24 months.
| Sample size calculation and number of study subjects
Estimates of potential cognition benefit are derived from our prior work on percent TTR and dementia. 6 In this comparative study, all patients had no history of dementia and were closely managed at the Clinical Pharmacist Anticoagulation Service (CPAS) clinics at the time of enrollment. The percent TTR averaged 62. Based upon the power analysis to detect a difference in the primary endpoint, 1100 subjects are required for enrollment for the outcome of dementia. However, this analysis was done for dementia alone and this study will also include serial neurocognitive testing to assess for cognitive decline. For this study, we will enroll 120 subjects.
This number of subjects will inform our understanding of the incidence of both dementia and moderate cognitive decline in each anticoagulation group. These data derived from a vanguard analysis, although intentionally underpowered at this time, will help in answering the primary endpoint as well as important other study questions regarding enrollment, retention, and study feasibility. 
| Warfarin dosing
Warfarin administration and dosing will be considered standard of care for management of AF with a goal INR of 2-3. Dose adjustments as well as frequency of anticoagulant effect will be managed through the CPAS.
| Post-study medications
Following the subject's completion of this study, dabigatran etexilate or warfarin will be continued as part of the subjects' standard medical care, as assessed and decided by their cardiologist and/or primary care physician.
| Study endpoints and evaluation
Each subject's medical records will be collected as part of usual medical care, prior to enrollment to obtain all baseline demographics relevant up to 6 months prior to study participation. All six questionnaires that are specific to understand cognition, quality of life, and function and how they may interrelate in an anticipated elderly AF population will be administered at the baseline visit, and repeated at the 6-, 12-, 18-, and 24-month visits as indicated in Figure 2 . All testing will be performed by experienced research coordinators that will undergo institutional assessment and certification regarding education, efficacy, and consistency before they begin to administer the tools. These questionnaires are specific to understand cognition, quality of life, function, and how they may interrelate in an anticipated elderly AF population.
The questionnaires and laboratory tests are done to guide subject status, drug dosing, and to assure safety, and will be performed at Intermountain hospitals and/or clinical facilities.
| Subgroup analysis 2.5.1 | Magnetic resonance imaging (MRI) subgroup
In each group, 10 subjects will be selected to undergo a cranial MRI at baseline to determine brain volume and characteristic changes representative of microbleeding, with a repeat MRI at 24 months. Brain volume will be defined as per routine description. [17] [18] [19] More details regarding MRI techniques are contained in Appendix D. that are associated with severe cerebral amyloid angiopathy will also be assessed. 21, 22 The primary endpoint of the study is the aggregate pf incident dementia or moderate decline in cognitive as determined by serial assessment of the mini mental status examination, the cognitive subscale of the Alzheimer's Disease Assessment Scale (ADAS-cog11), and the Disability Assessment for Dementia (DAD) test. Further definition of the endpoint criteria, secondary endpoints, and cognitive testing score evaluation is contained in the supplementary file, Appendix C.
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| Statistical analysis
The study sample size of 120 subjects will permit descriptive statistical analysis to report the feasibility of recruitment, study subject retention, budget adherence and likelihood of obtaining the desired outcomes from the prespecified power analysis, safety, and identification of adverse effects.
General baseline characteristics of the study participants for each of the aims will be described and compared between randomization groups to provide validation of the successful balance of study variables and potential confounders between the groups by the study randomization procedure administered at the time of study enrollment.
For the primary outcomes, 2-year incident dementia will be evaluated using the chi-square statistic. Odd ratios will be determined by Logistic regression. The chi-square statistic will also be utilized to evaluate whether there was a significant change in ADAS-cog11
(increase of >30%) and DAD (score <50% and/or a 30% decrease)
scores. In addition, change scores for ADAS-cog11 and DAD (2-year survey score minus baseline survey score) will utilize the student's t test. Comparisons of change scores between baseline and other time points (ie, 6, 12, and 18 months) will also use the student's t test to determine significant differences at these time points.
Logistic regression will be performed for binary outcomes to calculate odd ratios so that the odds of experiencing an event between arms can be determined. Kaplan-Meier survival estimate, and log-rank test will be utilized to determine time to events. Regression analysis will also be utilized to identify clinical and procedural factors that are predictive of the outcomes. Analyses will be performed on an intention-to-treat basis.
| Study organization
The trial is a single center trial that will be conducted at Intermountain
Medical Center in Murray, Utah. The Intermountain Medical Center Cardiovascular Executive Committee and Internal Review Board approved the study. A data safety monitoring board has been created and will review patient events and study progress every 6 months or sooner on an as needed basis. All laboratory samples will be stored and analyzed at Intermountain Medical Center. The CAF trial enrollment is estimated to be complete in the first quarter of 2019.
| RESULTS
The baseline demographics of the study population are shown in populations are very comparable with the exception of higher rates of prior coronary revascularization in the warfarin group. The study is anticipated to end 1 April 2021.
| DISCUSSION
A recent consensus statement called for more prospective data on the use, adherence, and efficacy of anticoagulation in AF to prevent cognitive decline and dementia. 23 As the vast majority of therapies used to halt progression of cognitive decline and dementia have been ineffective, attention has been turned towards identification of high risk patients and prevention. 23 Warfarin use remains the primary method of anticoagulation worldwide and with careful management is associated with low dementia rates. DOAC therapies that favorably impact both embolic and bleeding risk, may provide improved cognitive function in AF patients if the macro events studied in randomized prospective trials signal fewer micro-bleed and micro-thrombosis events. Such understanding must come from a prospective randomized trial in which cognition is measured serially, with a battery of tests, and anticoagulation use is carefully described to provide insight into an area of uncertainty. 24 Although observational data exist, whether DOACs improve long-term cognitive function in AF is unknown. If proven, early and appropriate use of DOACs will be critical in AF patients to not only reduce risk of stroke, but also dementia and cognitive impairment.
These data will continue to have potential impact as wearable technologies alter early diagnosis patterns in patients with and without clinical symptoms.
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